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Abstract 
Typhoid fever causes significant biochemical changes, serum biochemistry was studied to investigate the 
correlation of these factors to typhoid fever. Total 100 subjects were studied, 35 healthy individuals and 65 
typhoid patients . Blood samples were collected in a gel and anticoagulant tubes from Azadi Teaching Hospital, 
Kirkuk, Iraq. In this study, Widal test was used to test samples. High level of Arginase activity (P≤0.01) were 
observed in typhoid patients. And a number of biochemical parameters were measured, a Significantly increased 
at a level of probability (p≤ 0.01) in the ,(Alanin Aminotransferase )ALT , (Aspartate transaminase )AST , Urea 
,Creatinine, Uric acid ,Triglyceride, Very low density lipoprotein (VLDL) for patients with Typhoid fever as 
compared with the control group. And a Significantly decreased at a level of probability (p≤ 0.01) in the 
Cholesterol , Total protein , Albumin for patients with Typhoid fever as compared with the control group .And 
the level of Globulin(P≤0.05) was not recorded significant differences.                                                                       
Keywords: Typhoid fever ; Arginase activity ; ALT ; AST; Urea ; Creatinine ; Uric acid ;T.protein ; Albumin ; 
Globulin ; Cholesterol ; Triglyceride ;VLDL. 
1. Introduction  
Enteric fever is a fundamental disease caused by the human adjusted pathogens Salmonella enterica serotype 
Typhi (S. Typhi) and S. Paratyphi A, B, and C. These living beings are essential reasons for febrile disease 
among swarmed and devastated populaces with lacking sanitation who are presented to risky water and 
nourishment, and furthermore represent a hazard to voyagers going to endemic nations [1].  
------------------------------------------------------------------------ 
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Typhoid fever is broadly perceived as a noteworthy general medical issue in creating nations Rate of typhoid 
fever that  been set up as roughly as 22 million cases with at slightest 200,000 passing happening yearly [2-4]. 
Typhoid fever is caused by Salmonella Enteric a SerovarTyphi, a gram-negative bacterium [5]. The creature is 
transmitted by the fecal-oralcourse; subsequently, the sickness witch is frequently connected with poor 
sanitation and cleanliness [4,6]. Typhoid fever shows with fever, cerebral pain, stomach torment, 
gastrointestinal side effect like anorexia sickness, regurgitating ,and  stoppage. The basic sings like stomach 
delicacy may create [7].                                                                             
Arginase enzyme belongs to the urea hydrolase family enzymes. The arginase Arg (EC.3. 5. 3.1), has 105.kDa 
molecular weight, has optimal pH= 9-9.5, PI= 5.9,catalyzes the final step in the urea cycle, a series of 
biochemical reactions in mammals in which the body is disposed of harmful ammonia. Specifically, arginase-
convert L-arginine into L-ornithine and urea[8].                                                                               
In most mammals,thereare two isozymes of arginase enzyme exist; the first, Arginase I functions in the urea 
cycle and is located in the cytoplasm of the liver. The second isozyme, Arginase II,it has been implicated in the 
regulation of the arginine/ ornithine concentrations in the cell. It is located in mitochondria in several tissues in 
the bodywith most abundance in the kidney [9].                                                           
2. Materials and methods 
2.1 Selection of patients 
This study was conducted in the Department of Biochemistry lab in Kirkuk university, Iraq. It included 65 
patients diagnosed with typhoid fever and 35 controls were also involved in the study.  
All were informed regarding the study and written consent was obtained. General information such as name, 
age, gender etc was recorded in case of  history performa. Blood samples were collected in a gel and 
anticoagulant tubes from normal and typhoid infected patients.  
2.2 Serological Technique  
High purity chemicals were used by Fluka and Sigma International And devices with global origins. The 
material that used was: thiosemicarbazide(TSC), diacetylmonoxime(DAM),Sephadex G-25 and arginine as 
basic materials to the determination of arginase activity.This method given combines the enzymatic formation of 
urea with the sensitive  method [10] . To measure the activity of arginase enzyme stimulating the last steep of 
urea cycle added DAM & TSC to give a solution with pink color. 
The activity of arginase enzyme was measured after separated from serum by using separation column  with 
50cm length and 1.1cm filled with Sephadex G-25,then the activity of arginase enzyme calculated by the 
following equation:  
(E sample530 – E blank530) × 38.9 = μ moles / L serum/ min. 
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The factor =3*1000 /0.6426 *120  is derived from: 
Sample volume= 0.5 mL. serum diluted 1:3. 
conversion factor from mM to μM: 1000. 
Slope of standard curve: 0.6426 E530 / mM. 
Incubation time: 120 min 
Serum Cholesterol , triglyceride , creatinine , uric acid , total protein and albumin were performed by 
commercially available kit (BIOLABO / France). Urea was performed by commercially available kit (Linear 
Chemicals / Spain). AST & ALT was performed by commercially available kit (RANDOX / UK). 
2.3 Statistical analysis 
In this study the results include mean ±S.D and significant differences (P.Value) between groups that examined 
a available statical SPSS 17.0 significant differences was estimated as the p.value equal or less than 0.01.                                                                                         
3. Results     
Table 1: mean ± S.D of Arginase activity and other parameters for patients and control groups 
P≤ Patients 
(n=65) 
Control 
(n=35) 
Parameters 
Mean± S.D 
0.01 3.351±0.544 0.331±0.0478 Arginase activity (µmol/L/min) 
0.01 51.34±1.21 17.08±0.565 ALT (U/L) 
0.01 40.28±1.45 15.662±0.508 AST (U/L) 
0.01 42.42±1.29 26.55±3.71 Urea(mg/dl) 
0.01 1.665±0.127 0.929±0.248 Creatinin(mg/dl) 
0.01 8.628±0.827 5.547±0.714 Uric acid(mg/dl) 
0.01 157.6±13.6 200.93±3.13 Cholesterol(mg/dl) 
0.01 176.95±5.44 141.38±3.22 T.glyceride(mg/dl) 
0.01 35.39±1.09 28.276±0.645 VLDL(mg/dl) 
0.01 4.662±0.415 6.65±0.365 T.protine(g/dl) 
0.01 2.507±0.471 4.448±0.420 Albumin(g/dl) 
0.05 2.028±0.616 2.203±0.539 Globulin(g/dl) 
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Table 2: correlation coefficient between Arginase activity and biochemical parameters with typhoid fever. 
r value (patients) Parameters 
0.272 Arg & ALT 
-0.343 Arg & AST 
-0.363 Arg & Urea 
-0.769 Arg &Creatinin 
0.938 Arg & Uric acid 
0.620 Arg & Cholesterol 
0.369 Arg &T.glycride 
0.369 Arg & VLDL 
-0.399 Arg &T.Protine 
-0.359 Arg & Albumin 
0.161 Arg & Globulin 
 
4. Discussion 
From table (1), the results show that there is a significant increase in the arginase activity for patients with 
typhoid fever compared to the healthy group. The increase in the levels of reactive oxygen species (ROS) in 
patients with typhoid fever is consider as the main  reason to increase the secretion of the enzyme arginase 
[11].One of the most affected cells by  typhoid fever is hepatic cells due to hepatic inflammation , which is a 
major complicated reported for typhoid fever. [12,13] Typhoid fever is associated with hepatic hyperplasia and 
liver dysfunction [14] An increase in the level of liver enzymes is occurred due to a change in the function and 
structure of the liver .This change can cause necrosis of hepatic cells consequently   , the enzyme discharge  for 
the liver into the bloodstream [15] This significant effect on liver enzymes by the Salmonella infection of 
typhoid fever is related to several factors, including endotoxin, topical infections, or host-induced immune 
responses [16]. About 2-3 % ofpatients with typhoid fever has  kidney complications, and renal damage may 
occur due to direct infection of kidney filtration units, leading to an increase in the level of Urea [17]. 
The increase in serum creatinine is most likely attributed  to impaired glomerular filtration of urea and 
creatinine. The creatinine level also increased due to muscle injury. The high level of creatinine has been 
documented well in many diseases such as hepatitis, typhoid, urinary infections, kidney infections, and diabetes, 
which reveals the presence of acute renal failure [18]. Heavy exercise can also increase the level of creatinine in 
the blood, drugs furthermore  can increase the level of creatinine in the blood by inhibition of creatinine 
secretion [19].Uric acid commonly  is the final result of the metabolism of purines, which can be taken as 
evidence  for the oxidation process occurrence in addition to a  therapeutic role as as antioxidant [20].             
The serum lipid level was also investigated  in this research  , one to the fact that cholesterol which is resulted 
from oxidation by free radicals will be attacted by active oxygen species(ROS)[21]. And the mechanism 
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responsible for the high level of T.G may be due to increased liver secretion of VLDL-C , a delayed in TG-rich 
lipoprotein purification  , or increase in the  levels of CFCs and free fatty acids [22] .VLDL contains large 
amounts of triglycerides formed in the liver by cortical hepatic cells, which act as transferees  triglycerides, 
cholesterol ,and fat to the rest of the body [23]. The study [24] showed that oxidation in the body contributes to 
raise the level of VLDL.                                                     
The level of total proteins  decreasing in this study can be related to the fact that it is an antioxidant outside the 
cellular and participates in many important reactions leading to stop the chain of reactions, such as fat staining, 
and hydroperoxides. It also contributes to hinder  the reactions of free radicals in cellular membranes 
consequently, the membranes from crashing [25,26] The concentration of albumin in the serum is reduced by its 
consumption as antioxidant in the blood [27]. 
From table (2) it can be seen the relation of arginase activity  with variables biochemical in patients with 
Typhoid fever as shown below  
1- positive among  the arginine activity and uric acid,triglycerides,VLDL, cholesterol l, ALT, and Globulin. 
2- negative among  the arginine activity and AST, urea, creatinine, total protein and albumine. 
5. Conclusion  
An investigated of  typhoid  fever case was successfully  performed, studying it's effect on the arginase activity. 
The main concluded points from this research were summarized as follow : the raising of  arginase enzyme 
activity  level ; increasing the level of ALT and AST liver enzymes , dropping of cholesterol level ,lift in 
triglycerides and VLDL level because of the lipid peroxidation , occurrence  and  moving of the level of  vital   
indicators   of renal function (Urea , creatinin and uric acid) .                                                                           
6. Recommendations 
The present study recommends the following: 
1. To carry out more biotechnologies to isolate arginase  enzyme such as electrical migration, ion exchange and 
other techniques to obtain high purity. 
2. Isolation of other enzymes related to typhoid fever. 
3. Study the effect of drugs on the biochemical variables in people with typhoid fever. 
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